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发剂（21Br-β-CD）；接着以 21Br-β-CD 为引发剂，通过 SET-LRP 聚合法制备了
星型聚合物聚（甲基丙烯酸羟乙酯-甲基丙烯酸甲酯），即 Poly(HEMA-co-MMA)； 
随后将其与 CA 共混经相转化法制备共混纳滤膜，考察了聚合物组成、聚合物含
量、操作条件等对共混膜性能的影响。研究表明，两种聚合单体 HEMA 与 MMA
的比例为 5:5 时，共混膜的性能数据最佳。当聚合物 Poly(HEMA-co-MMA)添加
量从 0 wt%提高到 6.0 wt%时，膜通量先降低后趋于稳定状态（从 25.2 L m-2 h-1
降低到 13.5 L m-2 h-1），对硫酸钠的截留率先上升随后趋于稳定状态（从 68.8%上
升到 94.0%）。 
本文通过饱和水溶液法制备了具有抗菌活性的三氯生/环糊精包合物（TR-
CD IC），随后将其与 CA 共混经相转化法制备共混纳滤膜。研究表明，当 TR-CD 
IC 添加量从 0 wt%提高到 5.0 wt%时，膜通量先上升后趋于稳定状态（从 12.9 L 
m-2 h-1 上升到 22.2 L m-2 h-1），对硫酸钠的截留率先降低随后也趋于稳定状态（从




纳滤膜为典型的荷负电纳滤膜。此外，通过 FTIR、1H NMR、DSC、GPC 等手段





































Nanofiltration membrane is modern membrane separation technology with unique 
separation performance, which has been widely applied in water-softening, desalination, 
food processing, bio-pharmaceutical and many other fields. The improvement of 
separation performance of nanofiltration has been one of the research focus. In this 
study, we synthesized two cyclodextrin derivatives (cyclodextrin polymer and 
cyclodextrin inclusion compound) using β-cyclodextrin as the starting material. The 
synthesized cyclodextrin derivatives were blended into CA as additives, then the 
effects of the addition of these two cyclodextrin derivatives on the structure and the 
properties of the CA nanofiltration membranes that prepared by phase inversion method 
were investigated. 
In this study, β-cyclodextrin is used as the starting material to react with 2-bromo-
isobutyryl bromide for obtaining the macromolecular initiator (21-Br-β-CD); star-
shaped polymer Poly(HEMA-co-MMA) was synthesized through SET-LRP 
polymerization using 21-Br-β-CD as initiator; then the resulting Poly(HEMA-co-MMA) 
were blended with cellulose acetate(CA) to prepare the CA/Poly(HEMA-co-MMA) 
blend  nanofiltration membrane through phase inversion method. The effects of 
polymer composition, polymer content and operating conditions on the properties of 
the Blend membrane were investigated. It showed that when the monomer ratio was 
5:5, the performance date of the blend membrane was the best. The addition amount of 
Poly(HEMA-co-MMA) increased from 0 wt% to 6.0 wt%, the membrane flux 
decreased first until reach a plateau(from 25.2 L m-2 h-1 to 13.5 L m-2 h-1), the rejection 
of Na2SO4 increased first and then leveled off(from 68.8% to 94.0%). 
In this study, we prepared triclosan/cyclodextrin inclusion complex (TR-CD IC) 
with antibacterial activity through saturated aqueous solution method, and then blended 
TR-CD IC into CA to prepare the CA/TR-CD IC blend nanofiltration membrane. It 
















the membrane flux increased first and then reached a plateau(from 12.9 L m-2 h-1 to 22.2 
L m-2 h-1), the rejection of Na2SO4 decreased first and then leveled off (from 94.4% to 
77.8%). Long-term operational stability experiment showed that TR-CD IC has certain 
stability in the testing process, which will not easily be lost. The antibacterial 
experiments showed that the addition of TR-CD IC imparted antibacterial properties to 
the blend membrane, the inclusion of cyclodextrin prolonged the antimicrobial 
activities of the antimicrobial agent TR. 
In this study, the operating conditions of the prepared blend nanofiltration 
membrane were investigated, the results showed that the resulting nanofiltration 
membrane was a typical negatively charged nanofiltration membrane. In addition, the 
structure of Poly(HEMA-co-MMA) was characterized by FTIR, 1H NMR, DSC and 
GPC, the structure of TR-CD IC was characterized by 1H NMR, DSC and XRD. 
Meanwhile, the morphology and structure of the nanofiltration membrane were 
characterized by ATR-FTIR, SEM, AFM and contact angle measurement. 
 
Key words: cellulose acetate; blend nanofiltraition membrane; beta-cyclodextrin; 


























的组成部分，通常，任何一个单一的分离过程都可以用图 1-1 来表示[1]。 
 





















直到 1854 年，Greham 利用生物膜实现了物质的分离并发现了透析（Dialysis）
现象，人们才开展对膜分离过程的研究；1864 年，Traube 以亚铁氰化铜为原料，
研制出了人类历史上的第一张化学合成膜，由此进入了人工合成膜的时代。从实
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